Introduction
As part of our continuing program to develop structure/activity relationships for 8-substituted pterins as substrates of dihydrofolate reductase (1, 2) we require the synthesis of 8-alkyl pterins substituted in the 6-and/or 7-positions. Previously we reported (3) the synthesis of 6,8-dimethyl-pterin involving condensation of pyruvic aldehyde with 2,5-diamino-6-methylamino-pyrimidin-4(3//)-one in the presence of bisulfite at acid pH, and collection of a solid product highly enriched in the 6,8-isomer. This initial result has been further defined and developed to give a general procedure (Scheme 1) for the preparation of 6-or 7-methyl-8-alkyl substituted pterins, and also factors affecting the overall distribution of isomers have been studied.
Material and Methods

Ins t rumen tat ion
UV/vis, NMR and mass spectra were recorded using Cary 3, Bruker AS200 and ΑΕΙ MS902 spectrophotometers. Activon Goldpak Exsil SCX HPLC was used for compound and isomer purity checks.
Product distribution experiments
Product distributions were determined either by 'H NMR or HPLC analysis. Both experiments involved performing a small-scale synthetic reaction under varying conditions of pH, with and without bisulfite, and then determining the resultant isomer distribution.
NMR examination of pyruvic aldehyde (4)
To examine the nature of pyruvic aldehyde in acid solution, 40 μι of the pure pyruvic aldehyde prepared by hydrolysis of pyruvic aldehyde dimethyl acetal and purified by vacuum distillation was dissolved in 0.5 mL of 0.01 m DC1 and the Ή NMR spectrum recorded. To evaluate the effect of bisulfite, 6 mg of NaHS0 3 was added directly to the NMR tube.
Pterin syntheses
The general procedure for the preparation of the 6-methyl isomers involved condensation of a water suspension of the appropriate diaminopyrimidine with a water solution of pyruvic aldehyde and NaHS0 3 (3 equiv) at pH 4. The condensation was initially performed at 0 °C, and then at rt for 17 hours. A greenish-yellow solid was then filtered off and washed three times with 2 mL portions of dry ethanol to give the bisulfite adduct of the pterin. Recovery of the pterin product as the hydrochloride was achieved by treating this solid with 0.1 m HCl under vacuum to remove the bisulfite as S0 2 followed by freeze drying.
The 7-methyl isomers were obtained from the filtrate of the reaction mixture containing ~ 70% 7-isomer, using a series of chromatographic procedures. Firstly reverse phase chromatography was used to remove any reaction by-products from the filtrate. After freeze drying, the solid was dissolved in a bisulfite solution and passed through a cation exchange column (Amberlite CG 50) eluting first with bisulfite solution, then water, and then 0.02 m HCl. This procedure resulted in the 6-isomer being rapidly eluted, as the adduct, with 7-isomer being retained as cation which was then eluted by the acid. Freeze drying of the final fraction gave the 7-isomer as the hydrochloride at greater than 99.5% isomer purity.
Results and Discussion
The initial product in the synthesis of 6-methyl isomers was characterized as the 7-sulfonic acid adduct of the pterin from UV/vis, 1 H NMR, and mass spectral data. The UY/vis and NMR data showed that at neutral pH the compound was of 7,8-dihydro-like structure (5) while at pH 2 the compound was in the form of the normal pterin cation. These results were interpreted as the product being a labile adduct of the pterin with bisulfite. This was confirmed by the mass spectrum of the solid which indicated a MWt of 301 corresponding to the 7-sulfonic acid adduct.
Analysis of the filtrate from this initial solid showed this to contain 70% 7-isomer indicating that no regioselectivity was being induced by the bisulfite but rather that the two isomers were being separated into the solid and solution phases by different propensities to form adducts with bisulfite.
To further examine the effect of reaction conditions and 8-substituent on the product distribution, a series of experiments were performed (Table 1) . These results show that the proportions of the two isomeric products were dependent primarily on the size of the 8-substituent and, to a lesser extent, the pH of the reaction mixture. For large 8-substituents such as npropyl and ß-hydroxyethyl, 6-methyl isomer was the predominant product under all conditions and the presence of bisulfite did not generate any significant regioselective effect. For a small 8-substituent such as methyl the major product in the absence of bisulfite was found to be 7-isomer at all pH's. However, when bisulfite was added the major product became the 6-isomer. 
Conclusions
In this paper we have reported successful approaches for the preparation of 6-and 7-methyl-substituted 8-alkyl-pterins. Unlike previous approaches in the literature for 6-and 7-substituted pterins and pteridines which have concentrated on optimizing regioselectivity in the synthesis, our strategy primarily relies on separating the two isomers from the reaction mixture using a combination of chromatographic and chemical techniques. The role of bisulfite in the reaction was primarily to generate an isomer separation effect by selectively forming an insoluble adduct with the 6-methyl isomer to give a solid product > 98% isomer pure. Under the acidic conditions of the synthesis the 7-methyl isomer is left in solution as the soluble cation together with some residual 6-isomer in mainly adduct form. As the overall product distribution was ~ 65 : 35 6-isomer to 7-isomer this left a reaction filtrate highly enriched in 7-isomer which could be extracted by a cation exchange chromatography procedure.
To further examine the nature of the condensation reaction a 1 H NMR study of the forms of pyruvic aldehyde in acidic water solution was performed. This showed that pyruvic aldehyde exists primarily as the monohydrated geminai ketodiol with a lesser proportion of the bishydrated vicinal diol. No free aldehyde was observed by \H NMR. These results suggest that the initial condensation of the diamino compound with the keto-carbonyl would be more likely even in the absence of bisulfite and hence that any regioselectivity induced by bisulfite is probably not due to binding of the aldehydic group.
